sis in some patients can further complicate the clinician's decision-making process. In this paper, we describe our experience with IS in the pediatric population, incorporating both clinical and radiological data. To our knowledge, this is the largest single-institution report on IS in the pediatric population.
methods

Patient Population and Follow-up
A single-institution retrospective review was conducted of all cases involving pediatric patients (age ≤ 18 years) with syringohydromyelia on spinal MRI from 2002 to 2012 at Wake Forest Baptist Health following institutional review board approval. Searching MRI radiology reports for the terms "syrinx," "syringomyelia," "hydromyelia," "syringohydromyelia," and "enlarged central canal" using Primordial software (Primordial Inc.) initially identified 1967 patients. This software is directly linked to our institution's picture archiving and communication system. Inclusion criteria were age < 18 years at the time of MRI and measurable cystic dilation of the spinal cord (diameter of 0.5 mm or greater on axial T2-weighted imaging spanning at least the length of a vertebral body) on MRI. Cystic dilation of the central canal of the conus was considered a terminal ventricle and excluded. After removing duplicate patients and records that had no syrinx, 275 patients met the inclusion criteria. Patients with Chiari Type I or II malformation, a tumor in the central nervous system, encephalocele or other congenital brain malformation, neurovascular disorder, infection, traumatic spinal cord injury, traumatic brain injury, tethered cord syndrome (including lipoma and fatty filum), or spina bifida spectrum (including meningocele, myelomeningocele, and lipomyelomeningocele) were excluded. This left 98 patients who met all criteria for inclusion.
Clinical data recorded included age, sex, symptoms and physical examination findings at presentation, comorbidities, type of treatment, and symptoms and physical examination findings from the most recent clinical follow-up. Radiological data recorded included follow-up time, maximum syrinx diameter, vertebral levels the syrinx spanned, and the change in syrinx size on subsequent MRI.
statistics
Chi-square test was used to compare clinical course, and Fisher exact test was used to compare radiological course between idiopathic syrinx and scoliosis.
results
The study population consisted of 50 female patients (51%) and 48 male patients. The median age at initial MRI diagnosis was 11.9 years (range 10 days-18.4 years). Median clinical follow-up was 20.5 months, and median radiological follow-up was 13 months. The median maximum syrinx diameter was 2 mm (range 0.5-17 mm) and the median number of vertebral levels spanned was 5 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Eighty-one of the patients had a syrinx diameter equal to or greater than 2 mm. Forty-three patients had a syrinx diameter of 2 mm. The distribution of syrinx locations was thoracic (n = 43); cervicothoracic (n = 18); cervical (n = 15); cervicothoracolumbar (n = 12); thoracolumbar (n = 10). Table 1 summarizes the cohort's basic demographics. Sixty-one patients had uncomplicated IS and 37 patients had scoliosis.
clinical course
Clinical follow-up was available for 78 patients (80%) of the entire cohort, with a median follow-up duration of 20.5 months (range 1-143 months). The reason for presentation and presenting neurological deficit are shown in Table 2 . Eighty-three (85%) of 98 patients had a presenting complaint, while in the remaining 15% of patients, a syrinx was incidentally found. The reasons for incidental discovery of a syrinx were as follows: delayed walking (7), sacral dimple (3), syrinx incidentally noticed on nonspinal imaging (3), and abnormal skin marking on back (2). The top 5 most common presenting complaints of the cohort were back pain (n = 22; 22%), gait or balance disturbance (n = 14; 14%), extremity pain (n = 12; 12%), scoliosis (n = 8; 8%), and headache (n = 8; 8%). At presentation, 36% of patients had a neurological deficit on examination. Neurological deficits included gait or balance disturbance (n = 11; 11%), focal weakness (n = 8; 8%), hyperreflexia (n = 6; 6%), hyporeflexia (n = 4; 4%), bowel or bladder dysfunction (n = 3; 3%), and sensory deficit (n = 3; 3%).
Twenty-two patients (22%) with clinical follow-up were asymptomatic and without any objective physical examination findings at presentation; all of these patients remained asymptomatic during the follow-up period. Twelve patients (12%) had a stable clinical course, 38 patients (39%) improved, and the clinical course of 6 patients (6%) deteriorated. Thirty of these patients (31%) had complete resolution of their initial symptoms while the other 8 patients (8%) had partial improvement in their symptoms.
One patient with scoliosis underwent surgical treatment of a syrinx via placement of a syringopleural shunt. This patient presented at 10 years of age with hyporeflexia and Ullrich muscular dystrophy and had a syrinx that spanned 3 vertebral levels, with a maximum diameter of 5 mm diagnosed at 13 years. The syringopleural shunt was placed the year following syrinx diagnosis in an effort to improve declining neurological status, namely, bilateral lower extremity weakness. The patient eventually became nonambulatory and required a subsequent spinal deformity correction to attempt to improve restrictive lung disease. MRI performed 6 months after the initial surgery demonstrated that the syrinx diameter was reduced to 40% of its original size (Fig. 1) ; however, the patient's clinical condition continued to deteriorate with the development of further respiratory dysfunction and bilateral lower extremity weakness, likely related to muscular dystrophy.
radiological course
Radiological follow-up was available for 38 patients (39%), with a median follow-up duration of 13 months (range 2-83 months). Syrinx size was stable in 29 patients (76%). Seventeen patients had a syrinx diameter less than 2 mm (Table 3) . Three syringes (8%) increased in size, with 1 increasing in both length and diameter (67% increase in length, 50% increase in diameter) and 2 increasing in diameter alone (10% and 67% increases). Six syringes (16%) decreased in size, with 2 disappearing completely and 4 decreasing in diameter alone (25%, 40%, 50%, and 60% of original diameter) ( Table 3) .
Thirty-six patients had both clinical and radiological follow-up. There was concordance between clinical and radiological course in 14 patients (39%), with 11 patients (31%) showing no change and 3 patients (8%) showing clinical and radiological improvement. Figure 2 shows an MR image obtained in a patient who presented with headaches at 3 years of age and was found to have a cervical syrinx without Chiari malformation. The patient had no neurological deficit and headaches improved over time while syrinx imaging remained stable over a span of 4 years. No patients had concurrent deterioration in clinical and radiological course. Fourteen patients (39%) had clinical improvement without radiological change, while 2 patients (6%) had clinical improvement with radiological deterioration. Figure 3 demonstrates diameter enlargement of a throracolumbar syrinx in a 14-year-old male who had transient quadriparesis following a trauma. The patient did not have neurological deficit at last follow-up (1.5 years after the event) despite the enlargement of the syrinx. Two patients (6%) had clinical deterioration without radiological change, and 1 patient (3%) had clinical deterioration with radiological improvement. Two patients (6%) had radiological improvement without clinical change, and 1 patient (3%) had radiological deterioration without clinical change.
uncomplicated idiopathic syrinx
Sixty-one patients had true idiopathic syrinx; their syringes spanned a median of 5 vertebral levels (range 1-18 vertebral levels) and had a median diameter of 2 mm (range 0.5-17 mm). Forty-five patients (73.8%) had clinical follow-up, with a median duration of 12 months. Twenty-four patients (39.3%) had radiological follow-up, with a median duration of 13 months.
Syrinx size was stable in 19 patients (79.2%). Two syringes (8.3%) decreased in size, with both decreasing in diameter alone (25% and 50% of original size). Three syringes (12.5%) increased in size, with 1 increasing in both diameter and length (67% increase in length, 50% increase in diameter), and 2 increasing in diameter alone (10% and 17% increases). None of the patients whose syringes increased in size experienced associated clinical deterioration.
Nine patients (20%) were asymptomatic and without any objective physical examination findings at presentation, and all of these patients remained asymptomatic during the follow-up period. Nine patients (20%) had a stable clinical course, 24 patients (53.3%) improved, and 3 patients (6.7%) deteriorated. Nineteen patients (42%) had complete resolution of their initial symptoms, while 5 patients (11.1%) had partial improvement in their symptoms.
scoliosis
Thirty-seven patients had scoliosis; their associated syringes spanned a median of 5 vertebral levels (range 1-20 vertebral levels) and had a median diameter of 2 mm (range 1-11 mm). Of the patients with scoliosis, the cause was idiopathic in 30 patients (81%), congenital in 5 patients (13%), and neuromuscular in 4 patients (11%; cerebral palsy, trisomy 9p, Ullrich muscular dystrophy, myotonic muscular dystrophy). Thirty-three patients (89%) had clinical follow-up with a median duration of 28 months. Fourteen patients (38%) had radiological follow-up, with a median duration of 18 months. Seventeen patients (46%) had surgical correction of their scoliosis. Syrinx size was stable in 10 patients (71%). Four syringes (29%) decreased in size, with 2 disappearing completely, and 2 decreasing in diameter alone (40% and 60% of original size). No syrinx increased in size.
Thirteen patients (33.3%) were asymptomatic and without any objective physical examination findings at presentation; all of these patients remained asymptomatic during the follow-up period. Three patients (14.3%) had a stable clinical course, 14 patients (39.5%) improved, and 3 patients (7.1%) deteriorated (Table 3) . Table 3 compares syrinx course for patients with true idiopathic syrinx and scoliosis. There was no statistically significant difference in radiological course (p = 0.128) or clinical course (p = 0.201) between patients with idiopathic syrinx or scoliosis.
discussion
A syrinx is usually defined as a fluid-filled cavity with a gliotic lining within the spinal cord. Hydromyelia is a term that refers to a fluid-filled cavity within the spinal cord lined by ependyma. Hydromyelia is a centralized slit-like cavitation within the spinal canal, which likely results from a developmentally nonobliterated central canal. These patients may present with pain but do not have neurological deficits or abnormalities on electrophysiological monitoring.
14 The 2 terms are often interchanged. To differentiate syringomyelia from hydromyelia, a syrinx is often defined as being greater than 1 mm in diameter and extending over at least 2 vertebral body levels in length. In our study, we included all patients with evidence of spinal cord cavitation as we were also interested in assessing the management of syringohydromyelia. Regardless of the size of cystic dilation, these patients are often still referred to neurosurgeons for evaluation. Therefore, when referring to the presence of a "syrinx" in our cohort, we refer to any cystic dilatations within the spinal canal. The majority of our patients (84%) had cystic dilations that were equal to or greater than 2 mm. In the 17 patients with less than 2 mm of cystic dilation, the findings may represent normal variants. Of these patients, 61% had symptoms or neurological deficit at presentation, but it is unlikely that these spinal cord variants are causative of the patients' presentation. However, we choose to include patients with a syrinx diameter of less than or equal to 2 mm as they represent treatment dilemmas for many clinicians. The etiology of syringohydromyelia remains unknown. Historically, the pathophysiological theories of the etiology of syringohydromyelia have evolved. Initially, the strong association of syringes with neurodevelopmental anomalies, such as craniocervical junction diseases, led many clinicians to believe that these abnormalities were causative. In patients without these presumed causative pathologies, it was believed that an inciting traumatic or infectious event caused alterations in CSF dynamics. 9 Williams theorized that CSF flow obstructions led to pressure dissociations in which CSF passes through the obstructions during episodes of increased intracranial pressure and, via a ball-valve mechanism, is not able to egress back out even after the pressure has normalized. 8, 11, 18 This theory was the first to explain etiology, regardless of the presumed underlying pathology, and was the basis for multiple modern theories. 5, 6 There remains a paucity of studies on the etiology and natural history of pediatric IS. Therefore, treatment among physicians can be quite variable. In contrast, there is a clear consensus among pediatric neurosurgeons that syringomyelia associated with Chiari Type I malformation warrants neurosurgical intervention with posterior fossa decompression. 13 In our study, we retrospectively reviewed the cases of 98 patients who had radiological evidence of syringohydromyelia over a 10-year period at our institution. These patients were divided into 2 main groups, namely, uncomplicated IS and syringohydromyelia associated with scoliosis.
In our cohort, median age of diagnosis was 11.9 years, and median diameter and length of cystic dilatations were 2 mm and spanned over 5 vertebral levels, respectively. The majority of dilatations were within the thoracic region of the spinal cord. In comparison with other studies of pediatric idiopathic syringomyelia, we report a smaller median diameter; however, we applied a less strict definition of what constitutes "syrinx." As in other series, the thoracic region was the most common location for a syrinx. 7, 10 In this study, the most common presenting complaint was back pain followed by gait or balance disturbance. In adults with symptomatic syringomyelia, patients often complain of sensory deficits and ambulatory difficulties. 6 In pediatric series, back pain, gait difficulty, and continence issues are common presentations of syringomyelia, but also can be presenting symptoms of tethered cord syndrome. 17 Therefore, many of these patients are referred for spinal imaging. However, in our cohort, 15 patients received neurosurgical referral for incidentally discovered imaging findings.
Gait disturbance and weakness were the most common presenting neurological deficits, though we found that fewer than half of patients presented with any neurological deficit. All patients who were asymptomatic at presentation remained so, and the clinical condition of only 8% of patients deteriorated. These results support the theory that pediatric IS is a benign entity. To ascertain whether other factors influenced outcomes, we compared IS subgroups.
Sixty-one patients had uncomplicated IS, and clinical follow-up was available for 45 (74%) of these patients. Radiological follow-up was available for 24 patients. These variable follow-up times are reflective of the lack of any set protocol and, hence, the differing treatment paradigms used by clinicians. For many cases, it was determined that the patient did not warrant further follow-up. Of the patients with uncomplicated IS with clinical follow-up, only 3 patients experienced worsening symptoms. These patients did have radiological evaluation but there was no concordance between clinical decline and radiological progression of syringohydromyelia. In the subset of uncomplicated IS, 3 patients had an increase in syrinx size, with 1 patient having both an increase in diameter and length. However, none of the patients with radiological progression experienced deterioration of their clinical status, and none of them received surgical intervention.
We also included patients with scoliosis in this cohort. Scoliosis has been associated with syringomyelia and can be a sign of developing syringomyelia. 1 Controversy exists on the best management of these patients. There are studies which indicate that treatment of the syrinx does not improve the scoliosis. 2, 12 Conversely, decompression of the syrinx may improve or stabilize the scoliosis. 16, 19 When syringomyelia and scoliosis are associated with Chiari Type I malformation, early decompression of the craniocervical junction results in improvement or stabilization of the scoliotic deformity in a few patients. 3 There also is an association between increased syrinx size and presence of scoliosis in patients with Chiari Type I malformations. 4 Thirty-seven IS patients had concomitant scoliosis, and 89% of these patients had clinical follow-up. The majority of patients had idiopathic scoliosis. Fourteen patients had radiological follow-up, and syrinx size was stable or decreased in all 14 patients; no patient had increase in syrinx size. Of the 4 patients whose syrinx size decreased, only 1 had surgery for deformity prior to the decrease in syrinx size. One patient had no surgery for his deformity, and the other 2 patients underwent surgery for their deformity after the decrease in syrinx size. One patient underwent syrinx decompression and showed decreased syrinx size but experienced clinical deterioration, which likely was secondary to muscular dystrophy. There was no statistically significant difference in radiological or clinical course among the 2 subgroups: uncomplicated IS and scoliosis-associated IS. We chose to use a broad definition of IS to have an accurate representation of pediatric patients referred to neurosurgeons for evaluation. Interestingly, there was no concordance between radiological syrinx size increase and clinical course deterioration. This phenomenon has been noted in previous studies of pediatric IS. 7, 10 One small study on the natural history of pediatric IS identified 1 patient who had an increase in syrinx size that correlated with a decline in clinical course; however, this patient had a Chiari Type I malformation. 15 Direct surgical management of the syrinx in 1 patient did not improve clinical course. The majority of patients remained stable or improved in their clinical course, indicating that pediatric IS is a benign entity.
Limitations of our study include its retrospective nature and small cohort. Also at our institution, the majority of pediatric patients with IS do not receive radiological follow-up; therefore, studying natural history is difficult. The median clinical follow-up in our study was close to 2 years. Our results are, therefore, only applicable to shortterm outcomes of these patients. Given that we reviewed cases spanning a 10-year period and included all patients with syringohydromyelia, to our knowledge, this study involved more patients (n = 38) with radiological follow-up than any previously published study. We chose to include all patients who were referred to a pediatric neurosurgeon. If clinicians do choose to follow these patients long term, serial MRI may not be indicated or cost-effective without neurological decline, even for patients with associated scoliosis. An increase in syrinx size alone without clinical decline should not be an impetus for surgical intervention in the short term. Further studies are needed to evaluate the need for continual long-term clinical assessment in pediatric IS patients.
conclusions
There remain limited data regarding the natural history of pediatric IS. Pediatric IS can be further complicated by the presence of scoliosis. Our study indicates that direct surgical intervention of the syrinx is not indicated as the majority of these patients will be clinically stable or improved over time.
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